Abstract: The paper presents a new complex dynamic modeling of multi-phase asynchronous motors and investigates the Field-Oriented control applied to this type of machines. The new dynamic model is obtained in the state space using a complex rectangular transformation. The obtained model is complex, reduced-order and takes into account also the odd harmonic injection of the motor. The Field-Oriented control is considered and discussed in the multi-phase general case and then implemented in Matlab/Simulink considering a specific numeric case. The simulation results validate the obtained complex model and the implemented control design.
INTRODUCTION
The interest in multi-phase asynchronous machines has considerably increased during last years, see Jones and Levi (2002) and Levi et al. (2007) , especially in traction and propulsion research fields where high-power performances are needed. Moreover, the advantages of the odd harmonic order injection is well known in literature for its providing an higher torque density, see Toliyat et al. (1991) and Duran et al. (2008) . Different Field Oriented control strategies have been implemented and discussed in the specific case of 5-phases machines, see for instance Duran et al. (2008) and Xu et al. (2001) . This paper presents a new complex and general dynamic model of a multi-phase asynchronous motor with an arbitrary number of phases and the odd order harmonic injection, and then it extends the Indirect Rotor FieldOriented (IRFO) control to the multi-phase general case. The dynamic equations of the system have been obtained using a "complex and congruent" state space transformation and graphically represented using the Power-Oriented Graphs modeling technique. The paper is organized as follows: Section 2 briefly introduces the basic properties of the POG technique in the complex case. Section 3 presents and describes the new complex reduced dynamic equations of the system and the corresponding model. Section 4 reports the IRFO control equations in the general multiphase case. Last Section 5 shows some simulation results.
POWER-ORIENTED GRAPHS
The Power-Oriented Graphs, see Zanasi (1991) and Zanasi (2010) , is a graphical modeling technique suitable for modeling physical systems. The POG are normal block diagrams combined with a particular modular structure essentially based on the use of the two blocks shown in Fig. 1 . POG: a) elaboration block; b) connection block. Fig. 1 : the elaboration block stores and/or dissipates energy (i.e. springs, masses, dampers, capacities, inductances, resistances, etc.); the connection block redistributes the power within the system without storing or dissipating energy (i.e. any type of gear reduction, transformers, etc.). The POG schemes can be used both for scalar and vectorial systems, and for real and complex variables. In the vectorial case, G(s) and K are matrices: G(s) is always a square matrix of positive real transfer functions; matrix K can also be rectangular, time varying and function of other state variables. The circle present in the e.b. is a summation element and the black spot represents a minus sign that multiplies the entering variable. The main feature of the Power-Oriented Graphs is to keep a direct correspondence between the dashed sections of the graphs and real power sections of the modeled systems: the real part of the scalar product x * y of the two power vectors x and y involved in each dashed line of a poweroriented graph, see Fig. 1 , has the physical meaning of the power flowing through that particular section. From the POG schemes one can directly obtain the state space equations of the system: Lẋ = −Ax + Bu, y = B * x. The energy matrix L is always symmetric and positive definite:
